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CHAPTER I
THE PROBLEM AND DEFINITIONS 
OF THE TERMS USED
I. INTRODUCTION
It is generally understood that wrestling demands 
the utmost in physical conditioning. The ability to with­
stand the physiological stresses of the sport requires long 
arduous training. The importance of endurance in wrestling 
is quite obvious whenever two opponents are equally matched 
in skill and determination, the wrestler with the greatest 
endurance generally wins. Many coaches feel that by util­
izing a supplementary training program they can help their 
athletes obtain a greater degree of endurance than that 
which can be obtained from wrestling practice alone.
Several theories currently exist as to the type of 
supplementary program which is most beneficial (1, 19, 3^)» 
Articles appear each year in various coaching publications 
advocating specific programs for increasing the endurance 
in wrestlers. Most of these articles have one thing in 
common, that is, the theories are speculations and have 
little, if any, scientific research to support them. Much 
of this material is being accepted at face value and the 
possibility exists that the additional time and effort being
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
spent on these programs could be more profitable if spent 
in some other area. This study is intended as a point of 
departure and uill investigate one of these specific pro­
grams to determine its effectiveness. It is hoped that 
more interest and research will follow in this area,
II. THE PROBLEM
Statement of the Problem
The purpose of this study was to (1) investigate 
the effects of a supplementary endurance building program 
on the total body endurance of college wrestlers during 
their competitive season; (2) to determine if an endurance 
building program combined with regular wrestling is more 
advantageous for building endurance than wrestling practice 
alone; (3) to investigate the effects of a supplementary 
endurance program on the physical fitness level of a group 
of college students enrolled in a physical education 
wrestling class.
Importance of the Study
Several studies have shown that significant in­
creases in endurance are brought about as a result of train­
ing ( 2 g 23, 30). In a study conducted by Kistler ( 24-) it 
was noted that cardio-respiratory endurance was more diffi­
cult to improve than muscular endurance. This study will 
attempt to determine whether a conditioned athlete can 
significantly increase his total body endurance (muscular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and cardio-respiratory) beyond the level obtained from regu- 
lar participation in v;restling practice and intercollegiate 
contests by the addition of a program of specific endurance 
building exercises.
If total body endurance can be increased signifi­
cantly by supplementation, then such a program could prove 
valuable to those involved in endurance-type activities such 
as wrestling, Furthermore, if significant increases are 
noted among the physical education wrestling class subjects, 
then the possibility of supplementing physical education 
wrestling classes could prove to be a worthwhile method of 
increasing the physical fitness of the students involved,
III. BASIC ASSUMPTIONS 
The following assumptions were basic to this
study.
1, Any increases in the experimental group’s en­
durance level will be the results of the 
training program.
2, Increases in total body endurance can be 
measured reliably by the methods described in 
Chapter III.
IV, LIMITATIONS OF THE STUDY 
The following limitations were evident in this
study„
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1, The study was limited to 2h male subjects 
attending the University of Montana. Twelve 
subjects were members of a physical education 
wrestling class and 12 were members of the 
1967 varsity wrestling team.
2, There was no control over the outside activi­
ties of the subjects.
V. DEFINITIONS
The following terms are defined as they were used 
in this study.
Total Body Endurance. The combination of muscular 
endurance and cardio-respiratory endurance.
Cardio-respiratory Endurance. Physiological fit­
ness demonstrated through an adjustment of the heart and 
respiration to prolonged physical work, such as the ability 
to continue large muscle activity.
Muscular Endurance. The ability of muscle or 
muscle groups to continue submaximal contractions over a 
period of time.
Supplementary Endurance Program. A program of en­
durance building exercises which were employed in addition 
to the regular wrestling routine.
Eight Count Squat Thrust. The specific exercise 
which was selected to be used in the supplementary endurance 
program. The performer begins from the position of attention,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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On the count of one the subject squats placing his hands on
the floor shoulders width apart and slightly in front of his
knees. On the count of two he extends his legs and trunk 
rearward. On the counts of three and four he performs a 
push-up. On the counts five and six he performs another
push-up. On the count of seven he returns to the squat
position and to the starting position on the count of eight. 
Set. Ten repetitions of the eight count squat
thrust.
Physical Fitness. The ability to perform and con­
tinue to perform activities of a vigorous physical nature.
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CHAPTER II 
SURVEY OF RELATED LITERATURE
A review of the literature revealed numerous and 
varied training studies concerned with the development of 
physical fitness. The training studies have investigated 
the effects of training on various aspects of fitness on 
both fit and unfit individuals. For the sake of continuity 
this review will be presented in three sections. The 
first section will deal with training effects in general, 
and the second section will deal with training studies 
dealing directly with wrestling. The third section will be 
a review of those publications appearing in periodicals 
and text books which advocate specific training programs 
but lack conclusive data to support their theories.
I, GENERAL STUDIES
Karvonen (23) studied the effects of training on 
the cardiovascular system and found that the advantage of a 
trained cardiovascular system is obvious in performance re­
quiring maximal or near maximal cardiac output. He noted 
that the higher the maximal cardiac output of an individual, 
m e  greater was his working capacity in strenuous exercise. 
It was also noted that cardiovascular changes are dependent 
on the type of training; therefore, in order to develop a
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more efficient cardiovascular system it is necessary to 
train at high pulse rate levels.
Knehr, Dill, and Neuf eld (25) studied 14- subjects 
training at middle distance running three days a week for a 
period of six months. They found that this training period 
enabled the subjects to withstand a larger oxygen debt re­
sulting in a mean increase of 60 per cent more work being 
accomplished. There was also a six to seven per cent in­
crease in the transport of oxygen to the tissues during 
work which represents a clear-cut gain in the amount of 
work which can be carried on aerobically. Other changes 
noted as a result of the training were an increased cardiac 
output, increased circulation to the working muscles and 
more favorable conditions for exchange of gases between the 
capillaries and the muscle cells.
Micheal and Gallon (3) conducted a study on a group 
of college basketball players. A one minute step test was 
administered to the group each week beginning with the first 
week of practice. They noticed that in a period of three 
weeks there was significant improvement in their perfor­
mance. At the end of six weeks of basketball practice the 
Improvement was significant at the .01 level.
Bell (4), investigating the effects of a season’s 
training on a group of 20 basketball players and 12 varsity 
track men, tested them on the 75, 150, and 300 yard run and 
the Taylor pack test. Significant improvements were noticed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the most significant being in the times for the 300 yard 
ran» Since the basketball players had no training in how 
to rung the improvement was believed to be due to an in­
crease in endurance «
Several investigators have studied the effects of a 
weight training program on selected measures of physical 
fitness. Nagle and Irwin (31) compared the effects of two 
types of weight training programs on the cardio-respiratory 
endurance of a group of 60 college freshmen. Two groups 
of weight trainers were trained three days a week for eight 
weeks. One group employed high repetitions and low weights 
while the other used low repetitions and high weights.
These two groups were compared to a class in bait casting 
and a class in archery. A battery of eight cardio­
respiratory measures failed to shown any significant changes 
between the weight training groups and the other two groups.
Capen (9) compared a group of college sophomores 
in a weight training class against a group of freshmen in a 
physical conditioning class. Both groups met twice a week 
for 11 weeks. Both groups improved slightly but there was 
no significant difference noted between the groups on 
measures of muscular endurance or cardio-respiratory endur­
ance. The weight training group was found to be superior 
in the power classification as measured by the Sargent 
,1'umpç the standing broad jump, and the eight and 12 pound 
shot put o The difference was significant at the two per cent
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level.
Campbell (8) studied a group of football players, 
basketball players, and track and field men in an attempt 
to determine which half of the season produced the most 
significant gains when employing weight training with their 
regular training. Group A weight trained and participated 
in the normal training routine for the specific sport dur­
ing the first half of the season. Then at mid-season 
Group A stopped weight training and practiced the sport 
only. Group B, which had been training for the sport only, 
began weight training in addition to practicing the sport. 
The groups were evaluated on a group of tests which in­
cluded right grip strength, jump and reach, squat thrusts, 
pull-ups, sit-ups, the 50 yard dash and the 300 yard run. 
Significant improvements were noted in both groups. The 
track and field group did not show a significant difference 
between weight training during the first half of the season 
as compared with weight training during the second half of 
their season. The football and basketball groups showed a 
significant difference at the ,01 level favoring the first 
half of the season. The groups that dropped weight training 
after the first half of the season showed marked decreases 
in composite t scores when tested at the end of the season. 
In view of this the author recommended that weight training 
be started before the season begins and be continued for 
the duration of the season.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Chui (10) compared the effects of a systematic 
weight training program on athletic power. A weight train­
ing group was equated with a required physical education 
classo The groups were compared on the Sargent jump, the 
standing broad jump, the eight and 12 pound shot put and 
the 60 yard dash. The weight training group showed signi­
ficant improvement in all measures while the physical edu­
cation class failed to show any improvement at all,
Burley and Anderson (7) using a group of 71 high 
school athletes attempted to study the relationship of power 
on athletic performance. The athletes were tested, as 
representatives of their particular sport, on the vertical 
jump, and included track men, swimmers, basketball players, 
football players, baseball players and tennis players, 
boxers and wrestlers. It was found that the track men were 
superior to the other athletes in the study. The other 
groups scored in this order : swimmers, basketball players,
football players, tennis players, boxers and wrestlers and 
baseball players. It should be noted that with the excep­
tion of the swimmers the top groups were superior in respect 
to the amount of running specific to that sport. It was 
concluded that power is specific to certain sports.
It appears that improvements in general fitness can 
be brought about by any strenuous type of exercise program. 
The extent of the improvement tends to parallel the nature 
and extent of the training. Weight training studies tend
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to be Inconclusive insofar as the benefits derived. Studies 
have shown that weight training will improve fitness. How­
ever, when compared with other types of training programs, 
such as calisthenics, the only measure in which weight train­
ing programs were found to be superior were the power cate­
gories. Power was also found to be specific to certain 
sports.
II. SPECIFIC STUDIES
Taylor (38) trained and coached 10 varsity wrestlers 
five days a week for two hours a day over an eight-week 
period and found that they showed significant improvement 
in tests of muscular and cardiovascular endurance and reduc­
tion of some body fat, Taylor also noted the effects of 
wr estling on a physical education class which met for two 
one-half hour periods a week for eight weeks. Significant 
improvements were noted in tests of muscular endurance. 
Improvements in dynamometrical strength, cardiovascular con­
dition, and body fat were not significant.
Johnson (33) studied the effects of six weeks of 
wrestling compared to six weeks of weight training on the 
amount of strength developed in wrestlers and 31 weight 
trainers. The weight training group exercised three times 
a week doing presses, curls, squats, neck raises, and hip 
flexions with weighted boots. The wrestlers practiced five 
days a week doing normal wrestling drills and maneuvers. At
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the end of six x-jeeks it was found that neither group had 
developed significant grip, elbow flexion or neck exten­
sion strength. The tx-jo programs xvere of value, however, 
in significantly developing leg extension, elbow extension, 
and hip flexion strength.
Berndt (5) divided 30 high school wrestlers into 
three matched groups. Group A follox-jed a conditioning pro­
gram utilizing wrestling maneuvers and similar activities. 
Group B followed normal xs/restling practice and in addition 
trained daily with sit-ups, push-ups, leg lifts, rope climb­
ing, running in place or mile run or rope skipping, deep 
knee bends and high bridges. Group C follox^ed normal 
wrestling practice and in addition follox-red a daily program 
of weight training which included military presses, curls, 
rowing exercises, stiff legged dead lifts, and weighted 
deep knee bends. After the six-x-jeek training period the 
groups x-xere compared on pre- and post-conditioning scores 
made on the Roger’s Physical Fitness Index test. The re­
sults shovjed that the wrestling-only group did not improve 
significantly, but that the other txvo groups did. Both the 
X'jeight training group and the calisthenics group were 
superior to the wrestling-only group but were not signifi­
cantly different from each other.
Pfeffer (32) grouped Ik xjrestlers into three exueri 
mental groups to study the effects of weight training com­
bined with wrestling on the muscular strength and endurance
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of the forearm flexor muscles. Group A participated in 
wrestling only. Group B wrestled and participated in 
weight training for strength. Group C wrestled and parti­
cipated in weight training for endurance. The weight train­
ing groups met three times a week for eight weeks. Group B 
which was weight training for strength used the curl exer­
cise employing three sets of eight repetitions. Whenever 
the subject could perform, nine repetitions the weight was 
increased. Group C which was weight training for endurance 
also used the curl exercise with a constant weight of ^0 
pounds for the entire eight-week period. This group per­
formed the curl to a rhythm of one every two seconds until 
exhaustion. The subjects were instructed to attempt to in- 
crease the number of repetitions over the previous ses­
sion. It was found that there was no significant differ­
ence in the strength of the forearm flexors which could be 
attributed to supplementing the wrestling practices with 
weight training for strength. There was, however, a signi-' 
ficant increase in the endurance of the forearm flexors for 
both the strength and endurance training groups. The gain 
demonstrated by the weight training for endurance group was 
significant at the .05 level.
Many of the studies dealing with supplementary 
training programs have found that they are of some value in 
increasing fitness measures above that achieved by wrestling 
alone. Much of this data, however, needs to receive closer
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
investigation to determine the extent of actual wrestling 
done in these experimental studies. Little wrestling and 
much supplementation will tend to sway the results In favor 
of supplementation and vice versa.
III. NON~SCIENTIFIC PUBLICATIONS
Agocs (1) used the theory of interval training in 
an attempt to improve the general physical condition of his 
college squad. He employed the eight count squat thrust 
using 10 repetitions for six sets. Agocs began by allowing 
a one minute and 15 second rest interval between sets dur­
ing the first week, and at the beginning of each succes­
sive week he decreased the rest interval by 15 seconds. 
After three weeks he felt that his team was in excellent 
condition for Its first competition.
Gallagher (17), a former coach of several national 
collegiate championship teams, believes that a wrestler 
should always supplement his wrestling with some form of 
calisthenics, especially those that develop the lateral 
trunk, abdomen, neck, biceps, and triceps. He feels that 
chinning should be used to develop the arms and shoulders 
and that rope skipping or running should be used to develop 
endurance.
Gut in (19) believes that most of the conditioning 
is gained during the finishing work-out. He employs a 
program at the end of the practice sessions that consists
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of push-ups with or without a man pick-a-back, leaping from 
a squat position with or without a man pick-a-back, crab 
walks, five to 10 second sprints, an isometric grip exer­
cise, and rope climbing. This program is carried on apnrox- 
imately five minutes and can be varied depending on the 
physical condition of the team. Gutin feels this program 
can be exceedingly taxing for even the well-conditioned 
athlete.
Several coaches have reported using the idea of 
fundamental skill drills as a means of achieving or improving 
the fitness of their wrestling teams, Hanke (20) reports 
using a series of continuous movement wr estling drills to 
perfect wrestling moves while also providing a conditioning 
effect. The drills are designed to cover every phase of 
wrestling and the drills are timed. The entire sequence 
can be made as vigorous and taxing as the coach desires by 
controlling the pace and duration.
Sparks (37) feels sequence and technique drills 
are especially valuable for the development of balance. 
speed, agility, and leverage for the essential wrestling 
maneuvers. He also feels that strength can be developed 
by increasing the resistance offered and that endurance can 
be gained by increasing the vigor and duration of the 
drills .
Reams (3^) feels that calisthenics alone are a waste 
of time because a wrestler seldom uses his muscles in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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wrestling the same way he does in a training-type exercise. 
The author believes that calisthenics are boring and time- 
consuming and occupy time which could be used for mastery 
of wrestling holds and maneuvers. He reports using a 10- 
minute warm-up consisting of various wrestling situations 
and maneuvers followed by a 15-minute period of instruction 
and practice on a new skill. After this, the team spends 
one and one-half hours in actual wrestling scrimmage. The 
practice session is concluded with a five-minute drill con­
sisting of 10 bouts of running in place as fast as possible 
for 10 seconds with a five-second rest interval between 
bouts.
Brown (6) feels that competition in football or 
cross country prior to the wrestling season is valuable on 
the assumption that these sports develop stamina and wind 
for the wrestler. In the early portion of the season 
Brown recommends distance running of from three to five 
miles for bringing a wrestler to a peak of condition in a 
short period of time. During the season he feels that 
wrestling is the best conditioner for wrestling and that 
running should be done only on occasion.
Dratz, Johnson, and McCann (15) report using a 
"going through the mill" technique which resembles inter­
val training in nature. A wrestler wrestles for two min­
utes, rests for one-half minute, wrestles a fresh man for 
another two minutes, rests for one-half minute, wrestles a
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third man, and so on, in a continuous series of two-minute 
bouts until satisfied that the wrestler has reached the 
level of his endurance. The authors are emphatic propo­
nents of the idea that while a general type of endurance 
can be developed by nearly any strenuous activity, the fit­
ness for a given sport can be developed only by the spe­
cific movements of that particular sport. Therefore, they 
strongly feel that there is no better activity for wrest­
ling conditioning than wrestling itself. Brouha (22) lends 
support to this statement by saying that for heavy exer­
cise when an individual is trained for a specific activity, 
he is more efficient and capable of doing more work of that 
particular nature than when he performs any other kind of 
exercise.
The literature is inconclusive but tends to indi­
cate that wrestling coupled with a supplementary activity 
is more beneficial for increasing physical fitness than 
wrestling alone. This would appear to hold true for other 
sports as well as indicated by Campbell's (8) study.
The conclusion to be drawn from the literature is 
not as simple as it may appear. Much would depend on the 
kind of wrestling, how much, and under what conditions it is 
practiced. It is quite possible that in certain situations 
the physiological limits of the athletes are reached in the 
regular practice sessions and supplementation would be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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unnecessary. Little can be said for or against the vari­
ous training methods until these factors are considered.
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CHAPTER III 
METHODS AND PROCEDURES
I . SUBJECTS
Twelve subjects were selected from volunteers in a 
physical education wrestling class and 12 from volunteers 
of the 1967 varsity wrestling team at the University of 
Montana. Each subject was given a number and assigned to 
either the control or the experimental group of his respec­
tive organization by use of a table of random numbers. The
subjects were instructed as to the procedures of the study
and further to their specific responsibilities in the study,
Grouping of the Subjects
In order that the results of this study might have 
relevance beyond the realm of varsity wrestling, it was de­
cided to have a control and experimental group for a physi­
cal education wrestling class as well as for the varsity 
wrestling team. Six subjects were randomly assigned from 
the wrestling team to serve in the experimental group; the
remaining six were assigned to the control group. The
same procedure was used to assign the wrestling class to 
groups. The following is a list of the groups and the 
activities they performed during the five-week training pro­
gram which lasted from January 23rd through February 24-th.
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Class Control. This group attended a physical edu­
cation wrestling class which met for approximately ^0 min­
utes a day, three days a week, and engaged in normal wrest­
ling instruction and scrimmage.
Class Experimental. This group followed the same 
procedure as the class control and in addition participated 
in the supplementary endurance building program.
Varsity Control. This group attended varsity wrest­
ling practice two hours a day, five days a week, and par­
ticipated in wrestling instruction, drills, scrimmages, and 
matches.
Varsity Experimental. This group followed the same 
procedure as the varsity control and in addition attended 
the supplementary endurance building program.
The physical characteristics of the subjects are 
shown in Table I.
II. SELECTIONS OF TESTS
The subjects were pre- and post-tested on a bat­
tery of four tests. Two of the tests were designed to 
measure the fitness of the cardiovascular and respiratory 
mechanism. One test was designed to measure power and one 
test was specifically designed to measure muscular endurance 
The Astrand-Ryhming nomogram for predicting maximal oxygen 
intake and the 300 yard run were used to measure the effici­
ency of the cardio-respiratory mechanism, the vertical jump
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■was used to measure power and the wall pulley test was used 
to evaluate muscular endurance,
TABLE I
PHYSICAL CHARACTERISTICS OF THE SUBJECTS
Subj ects
Weight
Pounds
Height
Inches
Age
Years
R .S • 13^ 68 19
A.P. 180 66 18
D.M. 123 67 18
T.C. 173 71 19
W.G. 20^ 73 21
R.P. 160 72 19
R.T. 180 72 21
R • W • 118 68 19
K.Y. 138 76 18
R.L. 18^ 71 21
D.R. 17^ 70 18
C.W. 173 70 19
C.M. 12^ 65 17
R . A » 170 72 19
R,M. l!+2 6 5 19
R oR. 1^3 70 19
R.M. 142 65 19
C.S . 1^0 68 19
D.G. 1^^ 69 18
J.T. l4o 68 19
J.F. 134 66 19
JcM. 174 73 19
B.T. 150 68 20
T.H. 160 68 20
Mean 69 19
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Astrand-Ryhming Step Test for Predicting Maximal Oxygen Intake
A five-minute submaximal step test was used as pre­
scribed by Astrand and Ryhming (3) as a means of predicting 
the maximal oxygen intake during submaximal work. Maximal 
oxygen intake is felt to be a reliable means of assessing 
the capacity for hard physical work (2, 3, 21), However, 
the procedure involved in obtaining a measurement of maxi­
mal oxygen intake is a complex and costly procedure in 
terms of laboratory equipment and time. It has been suc­
cessfully shown that the maximal oxygen intake can be pre­
dicted with fair accuracy by the Astrand-Ryhming nomogram. 
Several authorities have found high correlations between 
the predicted maximal oxygen intake and the measured maxi­
mal oxygen intake. Hettinger et al._ (21) found the correla­
tion to be significant at the .01 level of confidence. 
Teraslinna, Ismail, and MacLeod (39), deVires and Klaf (13), 
Glassford (l8), and Sharkey (35) have all reported finding 
high correlations between the predicted and the measured 
tests.
300 Yard Run
Lewis (26) investigated the reliability and valid­
ity of several selected runs and found that the second trial 
of the 300 yard run had a higher correlation with maximal 
oxygen intake than either the 60, 600 yard, or mile run 
times. It was also found that the 300 yard run had a test
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re-test reliability of ,9^. Bell (4) conducted a study 
using a freshmen basketball team and a varsity track team 
and found that the times on the 300 yard run showed the 
greatest improvement over their competitive season. Since 
the basketball players had no training in how to run, the 
improvement was believed to be due to increased endurance»
Vertical Jump
The vertical jump was selected as the most feasible 
method of measuring power. Power is the rate of doing
work; hence, force times distance divided by time equals
power. The power generated is dependent on the amount of 
force applied and the speed with which it is applied »
Dudley Sargent (28) stated: "The vertical jump is primarily
a test of the ability to develop power in relation to the
weight of the individual." McCloy (28) feels that the
Sargent-type jump is not the one perfect test, but it is 
probably the one best test we have for predicting explosive 
energy (power). Several investigators have used this type 
of measurement with a high degree of precision as reflected 
by the high test re-test coefficients (11, l6, 28).
Wall Pulley
A phasic wall pulley test was devised to measure 
the endurance of the elbow extensors. Clarke (12) has sug­
gested procedures for this type of testing; however, some 
modifications were imposed in order that the test might more
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closely approximate the push-up which was part of the train­
ing program. It was decided to use an angle of 90 degrees 
and further to keep the weight constant for all subjects»
A weight of 15 and one-quarter pounds was used in a pilot 
study and was found to produce fatigue in approximately 
two to three minutes. The first trial was used to familiar­
ize the subjects with the test and the next two trials given 
on successive days were recorded.
Ill. EQUIPMENT
The following is a list of equipment which was used 
in this study.
Radio-Electrocardiograph
The Telemedics RKG 100 Radio-Electrocardiograph 
system was used to record the heart rate during the sub- 
maximal step test prescribed by Astrand and Ryhming (3)»
The system utilized small disposable electrodes which 
attached to the subject's skin with mole skin adhesive, a 
pocket-sized battery-operated transmitter which weighed 
approximately 10 ounces and was contained in a pouch which 
attached over the subject's shoulder by a thin strap. Thin 
electrode wires conducted the signal from the electrodes to 
the transmitter. A portable desk model radio receiver for­
warded the signal to the Burdick EK-2 Direct-Recording 
Electrocardiograph through an EKG adapter. (See Figure 1»)
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The Electrodes. The electrodes were integrated 
into a small adhesive patch and contained an electrode paste 
reservoir and a contact snap fastener for attachment of the 
electrode wires. The electrodes were attached to the skin 
by a two-inch square piece of mole skin adhesive. The 
point of attachment was on the right and left fifth rib 
approximately four to five inches from the mid-line of the 
sternum. The electrodes were attached over the ribs in 
order to minimize muscle noise.
The Radio Receiver. The radio receiver was a Tele- 
medics RKG 100 and operated from a 115 volt 60 cycle stan­
dard power line. A channel selector enabled the electro­
cardiograph signal to be fed into the recording instrument: 
through an EKG adapter unit.
The Recording Instrument. The recording instrument 
used was the Burdick EK-2 Direct-Recording Electrocardio­
graph. This instrument received the EKG signal and re­
corded the rate on standard permagraph recording paper.
Chalk Board. A black board 15 Inches by four feet 
was lined in one-inch intervals and mounted on a wall to 
record the vertical jump distances. The board was mounted 
so that the 1ower border was six feet from the floor.
Wall Pulley Apparatus. A wall pulley apparatus 
with adjustable weight plates was employed in testing the 
muscular endurance of the elbow extensors. The apparatus 
was attached directly to the wall and had a single nulley
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FIGURE 1.
TELEMEDICS RKG 100 RADIO-ELECTROCARDIOGRAPH 
SYSTEM AND EKG RECORDER
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located five feet up from the floor, A double strand of 
quarter-inch rope was attached to the weight plates at one 
end and to the grip handle at the other end. The grip 
handle was made of metal and shaped like a horseshoe with 
a wooden insert which the subject grasped when performing 
the test. (See Figure 2.)
Testing Table. The testing table was made of wood 
and was approximately eight feet by two feet. It contained 
an adjustable padded arm rest, an adjustable padded shoulder 
brace, and an adjustable wooden foot brace, A strap was 
attached to the testing table to limit the movement of the 
upper arm of the subject when performing the test, (See 
Figure 2.)
40 Centimeter Bench, A wooden bench hO centimeters 
high by 51 centimeters long by 30 centimeters wide was 
used for the submaximal step test.
Metronome. A metronome was used to set the cadence
during the wall pulley test and the step test, The métro­
nome was set at 90 beats per minute for the step test, re­
sulting in 22,5 steps per minute. During the wall pulley 
test the cadence was set at 60, resulting in 30 contrac­
tions per minute. The metronome was also used to mainta:n 
the cadence during the training program, A tape recording
of the cadence was used so that it could be amplified above
the noise of the activity. The cadence for the training 
program was set at 6̂ - beats per minute, resulting in eight
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complete repetitions of the eight count squat thrust per 
minute «
IV. TESTING PROCEDURE AND SCHEDULE
S chedule
The subjects were pre-tested on the l6th, lyth^ 
and l8th of January. On each of the first two days the 
subjects were administered the wall pulley, vertical jump 
and the 300 yard run tests. On the third day the subj ecr s 
were administered the Astrand-Ryhming submaximal step test 
and the final trial of the wall pulley test. Five subjects 
ware tested per hour by appointment, thus enabling them to 
receive at least five minutes rest between tests.
The post-test was conducted in the same order as the 
pre-test on February 27th, 28th, and March 1st.
Pr ocedure
The tests were administered in the following manner.
Wall Pulley. The subject assumed a supine position 
on the testing table. The right arm was adducted to l80 
degrees and the forearm placed in 90 degree flexion and 
fully pronated. The subject placed his left hand on his 
chest and his feet against the wooden foot brace. The 
metronome was set at 60 beats per minute allowing one beat 
for extension and one for flexion, resulting in 30 contrac" 
tions per minute. The test or placed the restraining strap
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on the subject’s upper arm and placed his left hand on the 
subject’s right shoulder to prevent other muscle groups 
from assisting the movement.
The subject grasped the wall pulley handle and 
exercised to the cadence by extending the forearm to l80 
degrees on one beat and flexing on the alternate beat,
The subject was stopped when he was no longer able to main­
tain the cadence. Exhaustion occurred for most subjects In 
less than two minutes. The subjects were given one trial 
per day over the three-day testing period. Trial one 
served to familiarize the subjects with the test; trials 
two and three were averaged to produce the subject’s score, 
A reliability correlation of ,86 was found between trials 
two and three.
Vertical Jump, The subject was allowed at least 
five minutes rest before being tested on the vertical jump. 
All subjects were instructed and given a demonstration in 
the correct method for performing the vertical jump.
Maximum reach was measured by having the subject 
place his toes against the wall, heels flat, and extending 
his arms and fingers in a natural manner over his head on 
the chalk board. This was recorded as the subject’s maxi­
mum reach. The subject was given a practice jump and then 
scored on the average of the following two jumps, The tes' 
was administered twice and found to have a reliability cor­
relation of ,92 when the measurement was carried to the
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300 Yard Run. The 300 yard run was conducted on a 
100 yard oval indoor track. Three laps completed the test 
and the subjects were instructed to run as fast as they 
could and also to stay close to the rail on the turns.
Times were recorded to the nearest half second. Two trials 
of the 300 yard run were administered on separate days and 
a reliability correlation of .90 was found between trials 
one and two.
Astrand-Ryhming Submaximal Step Test. The subjects 
were seated for at least 10 minutes prior to taking the step 
test c This was to enable their heart rates to reach a 
resting level. During this time the electrodes were placed 
on the subjects and the resting heart rate was taken. The 
subjects were instructed as to the procedures of the step 
test and shown a demonstration during this time also.
The electrode wires were attached to the sub jeer, 
and the portable transmitter placed around his neck and 
shouldero The metronome was set at 90 beats per minute, and 
the subject began stepping to the cadence as soon as he was 
given the signal by the tester. The test lasted for fr ve 
minutes, during which time two 10-second heart rate re^ or et 
ings were taken. One recording was taken during the thr ee 
mrnutes and 30 seconds to three minutes and kO seconds ir,' 
t er :ral and another reading taken from four minutes and 30 
seconds to four minutes and kO seconds. The two recordings
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^ere averaged and this average became the heart rate for 
that subject. It vas decided to use this technique rather 
than the one suggested by Astrand and Ryhming (3) on the 
basis of the findings made by Sharkey (35)» Sharkey found 
that in untrained individuals the predicted maximal oxygen 
intake varied from the measured over 700 ml/kg/min partly 
because of fluctuations in the heart rate during the last 
minute of exercise. Since this study contained untrained 
as v/ell as trained individuals, it vas decided that aver­
aging the last tvo minutes of heart rate vould eliminate 
this variable and produce a more accurate prediction of 
maximal oxygen consumption.
V. TRAINING PROCEDURE
McCloy postulated that vhen training for strenuous 
activity there should be more emphasis on a systematic pro­
gram of overload for development of muscular and cardio­
respiratory endurance (27). This theory vas utilized in 
this study by adding a program of supplementary "overload*' 
exercises to the regular training routine of college 
V r e s 11 er s .
After an investigation of the commonly used tyues 
of exercises, the eight count squat thrust vas selected as 
a good calisthenic for building total body endurance. It 
has been stated by McCloy (29) that push-ups are a test of 
the endurance of the muscles of the arms and of the shoulder
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
girdle and that squat thrusts, vhen performed for at least 
a minute, may be used as a measure of total body endurance. 
It vas felt that combining the push-up vith the squat 
thrust vould result in an excellent form of calisthenics 
for building total body endurance.
Agocs (1) published an article relating to the 
eight count squat thrust being used as a supplementary en­
durance building exercise, and the procedure outlined by 
him vas used in this study. The procedure is as follows„
Ten repetitions constituted a set, six sets constituted 
a day's vorkout. The rest interval between sets was one 
and one-half minutes in length for the first veek of the 
program and was reduced by 15 seconds for each successive 
veek of training. The reasoning behind reducing the rest 
interval receives support from Brouha and Radford (22) who 
state that as soon as a rest interval becomes too short 
the heart rate increases during successive periods of borh 
exercise and recovery. The steady state can no longer be 
maintained; therefore, the individual comes closer and 
closer to his maximum vorking capacity and his exhaustion 
level. By using this theory a coach or athlete achieves 
progressively strenuous training without an increase in 
vorkout time.
The experimental groups met three times a veek on 
Mondays, Wednesdays, and Fridays at a prescribed hour during 
the school day and participated in the supplementary
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endurance program. The training program lasted for five 
weeks. The training sessions were supervised to insure 
attendance and proper performance of the exercises.
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CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS 
I. INTRODUCTION
This chapter contains the analysis of the data 
collected before and after the five-week training period 
in which the effects of a supplementary endurance building 
program upon the total body endurance of college wrestlers 
and a physical education wrestling class were studied. The
data which was collected is presented in Tables II-VI, and
is discussed in this chapter.
II. ANALYSIS OF RESULTS
It was the purpose of this study to determine the
results of a five-week supplementary endurance building 
program, incorporated with normal wrestling conditioning, 
upon the total body endurance of college wrestlers and a 
group of students in a physical education wrestling class„ 
The mean scores for the pre-test and the mean scores for 
the post-test on a battery of four physical fitness tests 
were compared and the results appear in Table II.
From the results shown in Table II, the data indi­
cates that maximal oxygen intake was increased to a greater 
degree by the groups participating in the supplementary
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TABLE II 
MEAN CHANGES AFTER TRAINING
Groups Test Diff erence
Astrand-Ryhming ml/kg body -weight
Pre-test Post-t est
C cC/ ^8.7 51.0 2.3
C,Eo* ^0.0 53.5 3.5
V.C.* ^3.8 50.0 —3 o 8
VoE«* 51.1 56.7 5.6
300 Yard Run seconds
Pre-t est Post-t est
G .0 . -̂6.3 44.6 -1.7
G *Eo Vf.O 42.9 -1.1
VoG . hh,9 45.0 0.1
F.E. 1+5.0 45.0 0.0
Wall Pulley repetitions
Pre-test Post-t est
C,G . 53.3 47.6 -5.7
G.E. 50.3 53.8 3.5
V.Go 50.6 60.3 9.7
V oE o 53.1+ 57.3 3.9
Vert leal Jump inches
Pre-t est Post-t est
C .G. 21.6 22.9 1.3
G o E 0 22.8 23.6 0.8
V.G. 22.7 25.6 2.9
V.E. 20.5 20.9 0.4
*C.G. - Glass control: G.E. = Glass experimental;
V.Go - Vars ity control; V.E. = Var sity experimental.
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training program as indicated by the Astrand-Ryhming test. 
All the groups showed an increase in maximal oxygen intake ; 
however, both experimental groups displayed higher scores 
than their respective control group.
In the 300 yard run the only significant improve­
ment was made by the wrestling class groups. The class 
control group showed the greatest amount of improvement, 
while both the varsity groups failed to make any improve­
ments at all.
The wall pulley test revealed muscular endurance 
increases for all groups except the class control group 
which showed a marked decrease from pre-test to post-test, 
The greatest improvement was made by the varsity control 
gr oup.
In the vertical jump the greatest improvement was 
made by the control groups. Both the class and varsity 
experimental groups failed to show a significant increase 
from pre-test to post-test,
A two-way analysis of variance wns used to test 
the group means for significant differences, In this type 
of statistic interaction is used to measure the tendency 
for the subject performance to vary along with trials : it
measures the factors attributable to neither subjects nor 
trials alone, but rather to both acting together (14; , T̂ .
achieve significance the F-ratio at the ,05' level had tc 
be 6 ,92, The data obtained is presented in Tables III VI
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and preceded by a brief discussion of the results»
Astrand-Ryhming: Test
In Table II it was noted that with the exception 
of the varsity control group, all groups showed an in­
crease in their post-test scores. The improvements shown 
by the wrestling class groups were comparable, but the 
greatest improvement was made by the varsity experimental 
group.
From the results shown in Table III, the data indi­
cates that there was no significant difference between the 
row means and the column means. There was, however, sig­
nificant interaction at the .05 level. This significant 
interaction indicates that there was improvement wlthin 
the groups which cannot be distinguished, that is, there 
was no one single effect. Instead there were two sepa­
rate effects: one due to supplementation and one related
to the nature of the group. The improvements were not 
great enough to warrant significance between the various 
groups. The significant interaction indicated that the 
combination of wrestling group and treatment resulted in 
the greatest improvement.
300 Yard Run
From the results shown in Table IV, all factors 
were found to be significant at the .05 level. The sig­
nificance with v/hich the wrestling class surpassed the
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TABLE III
ANALYSIS OF VARIANCE FOR ASTRAm-RYEMING TEST
Source of Variation Degrees of Freedom Sum of Squares MeanSquares F-ratlo
TreatmentEffects
Rows 1 28.37 28.37 2.85
Columns 1 28.37 28.37 2.85
Interaction 1 63.37 63.37 6.36"
Error 92 917.51 9.97
Total 95 211.61
^Significant at .05 leva]
TABLE IV
ANALYSIS OF VARIANCE FOR 300 YARD RUN
Source of Variation Degrees of Freedom Sum of Squares M e an S quares F-rat 1
Treatment Eff ect s
Rows 1 -̂.07 4.07 4.96*
Columns 1 o 00 4.00 4.86"
Interaction 1 4.65 4.65 5.6 /"'
Error 92 75.23 0.82
Total 95 62.51
^Significant at the .05 level
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varsity wrestling groups could account for the signifIcsii 
F-ratios for the rows and columns. The significant inter­
action effect indicates that there was no one treatment or 
group that was responsible for the difference. It does 
indicate, however, that there was a combination of wrest­
ling-only and wrestling with supplementation working to­
gether o
Vertical Jump
In Table V, significant differences can be noted 
for both rows and columns as well as for interaction. All 
the groups improved; however, the very large increase 
shown by the control groups tends to carry the minor in­
creases of the experimental groups to a .01 level of sig­
nificance. The significant interaction indicates that 
there was no one single effect operating but a combination 
of effects.
Wall Pulley
The wall pulley test for muscular endurance was 
the only test which failed to show any significant differ-■ 
enceSo The F-ratios for the rows and columns wer e .41 
short of being significant at the .05 level. The inter- 
action was far from approaching significance. The data 
for the wall pulley test appears in Table VI.
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ANALYSIS OF VARIANCE FOR VERTICAL JUMP
S our ce of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Squares F-r at 1c
Treatment
Effects
Rows 1 33.1^ 33.1^ 107*
Columns 1 33.16 33.16 107*
Int eract ion 1 91.52 91.52 295*
Error 92 28.89 .31
Total 9^ 128.93
^Significant at the .01 level
TABLE VI
ANALYSIS OF VARIANCE FOR WALL PULLEY
8 ource of 
Var iation
Degrees of 
Freedom
Sum of 
8quares
Mean
Squares F- 'T a ' 1 V
Tr eatment 
Effects
R C 3 1 67.36 67.36 3 . i-u
C olunns 1 67.36 67.36 3.51
Interaction 1 25.60 25.60 1.56
Error 92 176^..79 19.18
T o t al 95 160.32
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III, DISCUSSION OF RESULTS
The results of this study indicate that partici­
pation in wrestling as a sport and as a physical education 
activity will bring about significant increases in physical 
fitness» Post-test differences were noted in the area of 
maximal oxygen intake, cardio-r espirat ory endurance,, power 
and muscular endurance, The data indicates that in indi 
vidual cases muscular endurance was improved; however. 
when the data was subjected to a statistical analysis, it 
was found to lack significance at the »05 level»
Improvements in the maximal oxygen intake post-tes 
means were evident in all groups except the varsity contro. 
which showed a marked decrease. Both experimental groups 
had higher post-test scores than either control group » 
Subject RoT», a member of the varsity control group,^ was 
experiencing an upper respiratory infection at the tine at 
the post-test which appeared to hamper his performance and 
tended to lower the group mean»
Cardio-respiratory endurance was increased in Po't 
the control and experimental groups of the physical educa­
tion wrestling class, as evidenced by the post-test mean y 
for the Astrand-Ryhming test and the 300 yard run » The 
re suit s of the two cardio-r espiratory tests wer e not in 
agreement » The Astrand-Ryhming test showed post- test im- 
nrovements favoring the varsity experimental group while
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the 300 yard run post-test scores clearly indicated improve­
ment s by the wrestling class groups and none whatsoever for 
the varsity groups. Conflicting results such as these cast 
doubt on the acceptability of these tests as adequate mea­
sures of physical fitness for wrestling.
Increases in muscular endurance were evident in all 
groups except the wrestling class control group which 
showed a marked decrease from pre-test to post-test. The 
greatest increase in muscular endurance was made by the var­
sity control group. Subject R.L., a member of this group, 
increased his post-test score by l8 repetitions which 
tended to elevate the group mean. Without R . L . ’s score, 
the post-test mean for the varsity control group would 
still be the highest as each member except one showed 
marked increases from pre-test to post-test.
The post-test means for the vertical jump showed a 
sizable improvement for both control groups, while both 
experimental groups displayed only minor increases.
When the data was subjected to a two-way analysis 
of variance to determine the effects of the training pro­
gram on the groups, the improvements were found to be in­
significantly different in many cases. Muscular endurance 
was not significantly different, nor was there any evidence 
of interaction. There was no significant difference on 
the Astrand-Ryhming test of predicted maximal oxygen intake ; 
however, there was significant interaction at the .05' level
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which would tend to indicate that there was considerable 
improvement among individual subjects. The significant 
interaction effect would indicate that a combination of 
treatment effect and groups were necessary to achieve sig­
nificant difference results. There were significant dif­
ferences shown in the 300 yard run test of cardio~respira- 
tory endurance between and within the groups and for inter­
action at the ,05 level of confidence. There was no ob­
vious difference between the control and the experimental 
groups, indicating that wrestling-only is as beneficial as 
wrestling with supplementation for building cardio-respira- 
tory endurance as measured by the 300 yard run. The inter­
action indicated that improvement was made as a result of 
treatment effects and groups in combination and no single 
variable was significant. In the vertical jump there were 
significant differences between and within the groups and 
for interacticn at the .01 level, indicating that wrest­
ling significantly increases power. The interaction indi­
cated that two separate effects caused the significance; 
therefore, wrestling with supplementation failed to increase 
power above that attained from wrestling-only.
From the results of this study it would appear that 
wrestling alone is as beneficial for building total body 
endurance as wrestling with a supplementary endurance 
building program of eight count squat thrusts. This find­
ing is in direct disagreement with the proposal set forth
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by Agocs (1) viho felt that after three weeks of training 
with the eight count squat thrust the physical condition­
ing of his wrestling team was greatly improved. The re­
sults further tend to disagree with the theory of Gallagher 
(17) and the findings of Brendt (7), and tend to support 
the ideas of Sparks (37), Hanke (20), Reams (3k), and 
Drat z, Johnson, and McCann (17). Furthermore, it appears 
that the current practice of supplementing the physical 
education activity of wrestling with endurance building 
calisthenics may be reduced and more time spent on the 
practicing of the activity itself.
From the results of this study it appears that the 
endurance derived from participating in an activity such 
as wrestling is as great as that derived from supplementing 
that activity with a specific program of endurance building 
calisthenics,
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I . SUMMARY
It was the purpose of this study to investigate
the effects of a five-week supplementary endurance build­
ing program on the total body endurance of a group of col­
lege wrestlers and a group of students taking wrestling as
a physical education activity. Twelve college wrestlers 
were randomly assigned to serve in either the control 
group or the experimental group of the varsity wrestling 
team. Twelve volunteers from a physical education wrest­
ling class were similarly assigned to a control or experi­
mental group for the wrestling class. The subjects were 
pre-tested on a battery of four physical fitness tests 
designed to measure maximal oxygen intake, cardio-respira- 
tory endurance, muscular endurance, and power.
Following the pre-test the experimental groups 
underwent five weeks of supplementary endurance training 
in addition to their regular wrestling regime. Upon comple 
tion of the five weeks of supplementary endurance training. 
all of the subjects were administered the post-test to de 
termine the results of the training program. A two-way 
analysis of variance was employed to determine the effects
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of the training on the various groups. The results of this 
test indicate that significant differences in improvement 
scores vere made as a result of participation in a wrest­
ling program with or without supplementation on measures of 
cardio-respiratory endurance and power. No significant 
differences in improvement were noticed in respect to the 
muscular endurance of the elbow extensors. The data further 
Indicated that no difference existed between the groups 
which participated in wrestling alone and the groups which 
participated in wrestling with a supplementary eight count 
thrust program as noted by the significant F-ratios for 
interaction on the Astrand-Ryhming, 3 0 0  yard run, and ver­
tical jump.
II, CONCLUSIONS
The following conclusions were made on the basis of 
the findings in this study.
lo There were no significant differences noted 
in the muscular endurance of the forearm ex­
tensors in either the control or experimental 
groups.
2. Significant interactions were noted for cardio­
respiratory endurance as measured by the
Astrand-Ryhming test of predicted maximal 
oxygen intake and the 300 yard run.
3. A significant interaction effect was noted in
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power as measured by the vertical jump test,
h. There were no clearly significant differences 
between the wrestling-only groups and the 
wrestling with supplementation groups in re­
gards to increases in cardio-respiratory en­
durance, muscular endurance, or power.
III. EECOMMEM) ATIONS
In view of the results of this study it is recom­
mended that :
1, Training schema be subjected to careful analy­
sis before they receive widespread publicity,
2, Current curricular practices of supplementing 
regular physical education activity programs 
with fitness exercises should receive scrutiny,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SELECTED BIBLIOGRAPHY
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
BIBLIOGRAPHY
1. Agocs, Herbert. "Interval Training in Wrestling,"
Amat eur Wrestling Mev/s. February 2, 1966.
2, AndrevJ, G., C. A, Guyman and M. R. Becklake. "Effect
of Athletic Training on Exercise Cardiac Out- 
put," Journal of Applied Physiology. 21:603- 
6o8, March, 1 9 ^ .
3» Astrand, P. 0 .  and I, Ryhming. "A Nomogram for Cal­
culation of Aerobic Capacity (Physical Fitness) 
from Pulse Rate During Submaximal Work," Journal 
of Applied Physiology. 7:218-221, March, 195"^.
Bell, T. B. "Validity of Certain Tests of Endurance," 
Research Quarterly. 19:229-2^-1, October, 19^8.
5. Berndt, D. W. "A Comparative Study of Conditioning
Programs for Use in Amateur Wrestling," Un­
published Master’s Thesis, Springfield College, 
19^^.
6. Brown, R . Complete Book of High School Wrestling,
Englewood Cliffs, New Jersey: Prentice-Hall
Inc., 1962.
7. Burley, L. R. and R. L. Anderson Jr. "Relation of
Jump and Reach Measures of Power to Intelligence 
Scores and Athletic Performance," Research 
Quarterly, 26:28-35? March, 1955®
8 . Campbell, R. L. "Effects of Supplemental Weight Train­ing on the Physical Fitness of Athletic Squads," 
Research Quarterly. 33:3^3-3^8? October, 1962.
9. Capen, E. K. "The Effect of Systematic Weight Training
on Power, Strength and Endurance," Research 
Quarterly. 31: 83-93 ? May, 1950.
10, Chui, E. "The Effect of Systematic Weight Training on
Power," Research Quart erly. 21:188-19^?
October, 1950.
11, Coleman, J. W„ "Pure Speed as a Positive Factor in
Some Track and Field Events." Research Quarterly. 
11:47-53? May, 1940.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
12» Clarke, H. H» Mu s cular Strength and Endurance in
Man. Englewood Cliffs, New Jersey: Prentice-
Hall Inc., 1966.
13. deVires, H. A. and C . E. Klafs. "Prediction of Maxi­
mal Oxygen Intake from Submaximal Tests,"
Journal of Sports Medicine and Physical Fit- 
ness. 5î207-21V, December, 1965*
lb-, Dixon, W, J. and F. J. Massey Jr. Introduction to 
Statistical Analysis. New York: McGraw-Hill
Book Co. Inc., 1957*
15* Drat z, J . P., M. Johnson and T. McCann, Winning 
Wrestling. Englewood Cliffs, New Jersey: 
Prentice-Hall Inc., I966.
16, Fleishman, E. A. The Structure and Measurement of 
Physical Fitness. Englewood Cliffs, New Jer­
sey: Prentice-Hall Inc., 196b.
17* Gallagher, E. C. and R. Perry. Wrestling. Revised 
edition. New York: A. S. Barnes Co., 1951 «
18. Glassford, R. G., G. H. Y. Bancroft, A. W. Sedgwick 
and R. B. J. MacNab. "Comparison of Maximal 
Oxygen Uptake Valves Determined by Predicted 
and Actual Methods," Journal of Applied Physi­
ology. 20:509-513, May, 1965.
19» Gutin, B, "Scientific Approach to Wrestling Prac­
tice," Athletic Journal. b7:(1)88, September»
1966.
20. Hanke, A, "Continuous Movement and Situation Drill,’ 
Athletic J our nal. bb(b)27, December, 19&3 «
21 » Hettinger, T., N . C . Birkhead, S. M. Harvath,
B. Issekuty and K. Rodahl. "Assessment of 
Physical Work Capacity," Journal of Applied 
Physiology. l6:l53-l5o, January, 1961.
22. Johnson, W . R . Science and Medicine of Exercise and
Sport s. New York : Harper and Brother s, I960.
(Chapters 10, 21.)
23« Karvonen, M. J, "Problems of Training the Cardio­
vascular System," Ergonomics. 2:207-215, 
February, 1959*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5'1
2̂ -« Kistler, J. W. "A Study of the Results of Eight Weeks 
of Participation in a University Physical Fit­
ness Program for Men," Research Quarterly, 
15:23-28, March, 19^4.
25. Knehr, C. A., D. B. Dill and W. Neufeld. "Training
and Its Effect on Man at Rest and at Work," 
American Journal of Physiology, 136:1^-8-156, 
1942.
26. Leuis, H. W. "Validity and Reliability of Selected
Runs as Measures of Cardiovascular Endurance," 
Master’s Thesis, Montana State University, 1964.
27. McCloy, C. H. "Endurance," The Physical Educator,
March, 1948.
28. ________ . "Recent Studies in the Sargent Jump,"Research Quarterly, 3:235-242, May, 1932,
29. _________ and N. D. Young. Tests and Measurements in
Health and Physical Education. Third edition, 
Neu York: Appleton-Century Crofts, Inc,, 1954,
30. Micheal, E. D . and A. Gallon. "Periodic Changes in
the Circulation During Athletic Training as Re­flected by a Step Test," Research Quart erly,
30:303-311, October, 1959.
31c Nagle, F, J. and L. W. Iruin. "Effects of Two Sys­tems of Weight Training on Circulorespiratory 
Endurance and Related Physiological Factors," 
Research Quarterly, 31:607-615, December, I960,
32, Pfeffer, R. D. "The Effects of Various Training
Methods Upon the Phasic Muscular Strength and 
Endurance of College Wrestlers." Master's 
Thesis, University of Montana, I966,
33» Rasch, P. J. and W. Kroll. What Res earch Tells the
Coach About Wrestling. Washington, D,C,:
AAHPER, 1964.
34, Reams, C . "Conditioning Without Calisthenics in
Wrestling," Athletic Journal, 39:35-36, Novem­
ber , 1958.
35. Sharkey, B . J . "Determination of the Capacity for
Prolonged Physical Work." Paper Presented at 
the Research Section of AAHPER Convention,
Las Vegas, Nevada, 1967,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36» Snedecor, G. W. Statistical Methods. Fifth edit ion» 
Ames, Iowa: Iowa State University Press, 195̂ 6 »
37 c Sparks, R. E. "Conditioning for Effective V/restlin
Journal of Health» Physical Education and Recre­
ation, 2^k-2, Dec emb er, 19 ̂ 5.
38» Taylor, A» VI, "A study of the Fitness Effects of
Varsity Wrestling and Required Wrestling Train­
ing Program." Master's Thesis, University of 
British Columbia. Abstracted from Completed 
Research in Health and Physical Education 1965% 
7:^1, Washington, D.C.
39. Teraslinna, P., A. H. Ismail and D . F . MacLeod.
"Nonogram by Astrand-Ryhming as a Predictor of 
Maximal Oxygen Intake," Journal of Applied 
Physiology, 21:513-515? March, 1966,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54-
APPENDIX A
ASTRAND-RYHMING SCORES BEFORE AND AFTER TRAINING
Class Control
Subject
Pre-test 
(ml/kg body 
weight)
Post-test 
(ml/kg body 
weight) Differ ence
C.S . 50 57 7
R.M. 57 51 - 6
R.R. 4-6 55 9
R .A. 55 56 1
R.M. 3 9 4-2 3
C.M. ^5 4-5 0
Means 4-8.7 51 2 . 3
Class Experimental
Subj ect
Pre-test 
(ml/kg body 
weight)
Post-test 
(ml/kg body 
weight) Difference
T.H. 64 6 9 5
D.G. 36 4-8 12
J.T. 30 4-0 10
B.T. 56 60 4-
J.F. 54- 55 1
J.M. 6 0 1+9 -".il
Means 50 5 3 . 5 3 . 5
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APPENDIX A (Cont'd.)
Varsity Control
S'ub j ect
Pre-t est 
(ml/kg body 
■weight )
Post-test 
(ml/kg body 
weight) Difference
R.T c 76 62 -l4
R.W. hh 47 3
K.Y. 62 51 - 1 1
D eR 0 hh 4 2
GoW, 39 44 5
RcLo 58 54 - h
Means 5 3 . 8 50 - 3.8
Varsity Experimental
S abj ect
Pre-test 
(ml/kg body 
weight)
Post-test 
(ml/kg body 
weight) Difference
W.G. 49 52 3
RoPc 50 56 6
A . P . 4 6 51 5
T . C o 57 59 2
D.M. 50 58 8
R.O r 55 58 3
Means 5 1 . 1 5 6 . 7 5 o 6
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APPENDIX B
300 YARD RUN SCORES BEFORE AND AFTER TRAINING
Class Control
Subject
Pre-t est 
(Seconds)
Post-test
(Seconds) Difference
C O S o 46.0 44.8 -1.2
R.Mc 46.3 4^.3 -1.0
R * R c 44.5 43.^ -1.0
R.A. 44.3 43.0 “1 6 3
RoM. 48.^ 43.3 -5.3
C = 48.3 47.^ -0.8
Means 46.3 44.6 -1.7
Class Experimental
SubJ ec t
Pr e-test 
(Seconds)
Post-t est 
(Seconds) Different a
TcK = 42.0 40.5 -1.5
D .Go 47.3 47.8 0.5
J.T. 46.^ 45.0 -1.5
B.T o 44.0 42.5 -1.5
J o R o 41.8 4o.o -1.8
J.M. 42.^ 41.8 ■-■Go /
Means 44.0 42.9 -1.1
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Subject
Varsity Control
Pre-test Post-test 
(Seconds) (Seconds) Difference
R,T, 4-2.0 47.8 5.8
R.W. 44.8 -0.7
KcY. 4-8.0 46.0 -2.0
D.R. 4-5.3 45.8 0.5
G.W. 4-8.5 46.0 -2.5
R oL o 4-0. 5 39.8 -0.7
Means 4-4-. 9 45.0 0.1
Subj ect
Varsity
Pre-test
(Seconds)
Experimental
Post-t est 
(Seconds) Difference
WoG. 4-6.3 46.0 -0.3
R.P, 46.3 46.3 0.0
A e P o 48.0 48.3 0.3
ToC. 43.8 43.5 -0.3
D .M. 42.8 43.3 0.5
R »S . 43.0 42.8 -0.2
Means 45.0 45.0 0.0
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APPENDIX C
VERTICAL JUMP SCORES BEFORE AND AFTER TRAINING
Class Control
Subj ect
Pre-test 
(Inches)
Post-t est 
(Inches) Difference
C oS o 21.0 21.6 0,6
R.M. 20.0 18.9 -0.1
R.R. 20.3 21.7 1.4
R e A . 20.2 23.0 2.8
R.M. 23.4 26.0 2.6
C .Mo 24,5 26.3 0.8
Means 21.6 22.9 1.3
Clas s Experimental
Subj ect
Pre-test 
(Inches)
Post-test 
(Inches) Difference
T.H. 21.3 22.0 Oc7
D.G. 22.5 22.3 -0.2
J.T. 18,6 20.3 1.7
B.T. 24.9 27.5 2.6
J.F. 27.1 26.6 -0.5
J.M. 22.3 22.7 0.4
Means 22.8 23.6 0.8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX C (Cont'd.)
Varsity Control
Pre-test Post-test
Subj ect (Inches) (Inches) Difference
R . T . 21.2 26.^ 5 . 3
R  » W , 2 ^ . 6 26.h 2 . 2
K.Y. 2 1 . 3 2 3 . 5 2 . 2
D  oR e 2 $ . 0 2 7 . 7 2 . 7
GuW. 2 1 . 9 2^.9 3 . 0
R 2 2 . 0 2h.7 2 . 7
Means 2 2 . 7 2 5 . 6 2 . 9
Varsity Experimental
Pre-test Post-test
S Lib j ect (Inches) (Inches) Diffarenae
U . G , 1 8 . 9 2 1 . 1 1.2
R a P  a 1 9 . 3 1 8 . 7 — 0  e 6
A.p. 1 7 . 2 1 6 . 8 “ 0 . 4
I.e. 2 0 . 9 2 1 . 7 0 . 8
D a M o 2^-.8 2 3 . 7 - 1 . 1
R . 8  a 2 2 . 0 2 3 . 4 l . h
Means 2 0 . ^ 2 0 . 9 0.4
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APPENDIX D
WALL PULLEY SCORES BEFORE AND AFTER TRAINING
Class Control
Subj ect
Pre-test Post-test 
(Repetitions) (Repetitions) Difference
C.S. ^7.0 ^2.5 - 4.^
R.M. 48.^ 3.0
R.R. ^1.0 - 6 « 5
R.A. 6l . 5 48.^ -13.0
R.M. ^7.0 39.^ - 7.^
C.M. 3^.5 46.0 11.^
Means ^3.3 47.6 - 5.7
Class Experimental
Subi ect
Pre-test Post-test 
(Repetitions) (Repetitions) Difference
T.H. ^3.5 - 2.0
D.G. -̂6 a 0 66,0 20.0
J O T 8 35.^ 44.0 8.5
B.T. ^9.0 - 4.^
J.F. 5^.0 ^0.0 — 4.0
J.M. ^1.0 54.^ 3.5
Means ^0.3 ^3.8 3.5
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Subject
Varsity Control
Pre-test Post-test 
(Repetitions) (Repetitions) Difference
R.T. 63.5 72.0 8.5
R oW. 52.0 40.0 -12.0
KcY. 3^.0 46.0 12.0
D oR c 55.5 61.5 6.0
GcW. 31.5 48.5 15.0
RcL. 65.0 83.5 18.^
Means 50.6 60.3 9.7
Subject
Varsity Experimental
Pre-test Post-test 
(Repetitions) (Repetitions) Difference
W.G. 64. 5 64,5 0.0
R.P. 51.5 58.5 7.0
A o P o 54.0 62.5 8 o 5
T.C . 6o. 5 58.0 -2.5
D.M. 44.0 47.0 3.0
R o S . 46.0 54.0 8.0
Means 53.4 57.3 3.9
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APPENDIX E
STATISTICAL ANALYSIS
Formula for Two-Way Treatment Analysis of Variance
Total Sum of Squares-
^  - C «
wher e :
^  = total sum of squares
^ X ^  = sum of the squares of the group scores
C ’ = sum of the individual scores squared and 
divided by number of subjects in sample
Treatment Sum of Squares-
g  y  g
Treatment Sum of Squares = ^  x c x ^  ....... ™ C '
\  n \  n
where :
^  x^ = total sum of squares
C '  = sum of individual scores squared and
divided by number of subjects in sample
n = number of subjects in each group 
Rows Sum of Squares-
( ! ■ * (
X^ - c
 ̂n*
where :
2X = sum of squares of the groups scores 
in r OW s
C ' = sum of individual scores squared and
divided by number of subjects in sample
n* = number of subjects in row groups
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APPENDIX E (Cont’d.)
Column Sum of Squares-
^ ,4 - c
where :
-X = sum of the squares of the groups 
scores in columns
C ’ = sum of individual scores squared and 
divided by number of subjects in 
sample
n* = number of subjects in column groups
Interation-
Rovj SS X Column SS = Treatments - Rows SS - Column 88 
where;
Row SS = row sum of squares 
Columns SS = column sum of squares 
Treatments = treatment sum of squares
Error-
Error — Total SS - Treatments 
where:
Total SS — total sum of squares 
Treatment SS = treatment sum of squares
F -Ratio
F = Mean squares for rows, columns and interaction 
divided by the error
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